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Long COVID symptoms in SARS-CoV-2-positive children
aged 0-14 years and matched controls in Denmark
(LongCOVIDKidsDK): a national, cross-sectional study

Selina Kikkenborg Berg, Pernille Palm, Ulrikka Nygaard, Henning Bundgaard, Maria Nivi Schmidt Petersen, Siri Rosenkilde, Anne Bonde Thorsted,
Annette Kjzer Ersbell, Lau Casper Thygesen, Susanne Dam Nielsen, Anne Vinggaard Christensen

Summary

Background After the acute phase of SARS-CoV-2 infection, children can develop long COVID symptoms. We aimed
to investigate the prevalence of long-lasting symptoms, the duration and intensity of symptoms, quality of life,
number of sick days and absences from daycare or school, and psychological and social outcomes in children aged
0-14 years who had been infected with SARS-CoV-2 relative to controls with no history of SARS-CoV-2 infection.

Methods A nationwide cross-sectional study was conducted including children with a confirmed SARS-CoV-2-positive
PCR test (cases) and matched controls from Danish national registers. A survey was sent to mothers (proxy reporting)
of children aged 0-14 years who had had a positive SARS-CoV-2 test between Jan 1, 2020, and July 12, 2021, and a
control group matched (1:4) by age and sex. The survey included the Pediatric Quality of Life Inventory (PedsQL) and
the Children’s Somatic Symptoms Inventory-24 (CSSI-24) to capture current overall health and wellbeing, and ancillary
questions about the 23 most common long COVID symptoms. Descriptive statistics and logistic regression analysis
were used. Clinically relevant differences were defined as those with a Hedges’ g score greater than 0-2. This study is
registered at ClinicalTrials.gov (NCT04786353).

Findings Responses to the survey were received from 10997 (28 - 8%) of 38152 cases and 33 016 (22-4%) of 147 212 controls
between July 20, 2021, and Sept 15, 2021. Median age was 10- 2 years (IQR 6-6-12- 8) in cases and 106 years (6-9-12-9) in
controls. 5267 (48 -2%) cases and 15 777 (48 - 3%) controls were female, and 5658 (51-8%) cases and 16 870 (51- 7%) controls
were male. Cases had higher odds of reporting at least one symptom lasting more than 2 months than did controls in
the 0-3 years age group (478 [40-0%)] of 1194 vs 1049 [27 - 2%] of 3855; OR 1-78 [95% CI 1-55-2-04], p<0-0001), 4-11 years
age group (1912 [38-1%)] of 5023 vs 6189 [33-7%] of 18372; 1-23 [1-15-1-31], p<0-0001), and 12-14 years age group
(1313 [46-0%] of 2857 vs 4454 [41-3%)] of 10789; 1-21 [1-11-1-32], p<0-0001). Differences in CSSI-24 symptom scores
between cases and controls were statistically significant but not clinically relevant. Small clinically relevant differences in
PedsQL quality-of-life scores related to emotional functioning were found in favour of cases in the children aged
4-11 years (median score 80-0 [IQR 65-0-95-0]) in cases vs 75-0 [60-0-85-0] in controls; p<0-0001) and 12-14 years
(90-0 [70-0-100-0] vs (85-0 [65-0-95-0], p<0-0001). PedsQL social functioning scores were also higher in cases
(100-0[90-0-100- 0] than controls (95-0 [80-0-100-0]) in the 12-14 years age group (p<0-0001; Hedges g>0-2).

Interpretation Compared with controls, children aged 0-14 years who had a SARS-CoV-2 infection had more prevalent
long-lasting symptoms. There was a tendency towards better quality-of-life scores related to emotional and social
functioning in cases than in controls in older children. The burden of symptoms among children in the control group
requires attention. Long COVID must be recognised and multi-disciplinary long COVID clinics for children might be
beneficial.

Funding A P Mgller and Chastine Mc-Kinney Mgller Foundation.
Copyright © 2022 Elsevier Ltd. All rights reserved.

Introduction had laboratory-confirmed infection during the period

Children worldwide are at risk of SARS-CoV-2 infection’
because of a lack of approved vaccines for children aged
0—4 years, few countries recommending vaccination for
children aged 5-11 years, low vaccine uptake among
children overall, difficulties practising physical distancing
and, in particular, low vaccine effectiveness against the
omicron variant of SARS-CoV-2.> Thus, a considerable
number of children have been infected with SARS-CoV-2,?
including in Denmark, where 58% of all children have

from Dec 15, 2021, to Feb 15, 2022.* This situation leaves a
considerable number of children at risk of long-term
sequelae following SARS-CoV-2 infection (generally
referred to as long COVID, post-COVID-19 condition, or
post-COVID-19 syndrome). Different definitions of this
condition exist, but WHO has defined post-COVID-19
condition among adults as persistent or fluctuating symp-
toms with an influence on daily functioning following
SARS-CoV-2 infection for at least 2 months that cannot be
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Research in context

Evidence before this study

Before designing this study, we searched PubMed in

Jan 4, 2021, to identify studies investigating long COVID in
children. The search terms used were “child” OR “children” AND
“COVID-19” AND “symptoms” OR “long COVID". We found one
paper from Sweden, including a case description of five
children. We searched Google Scholar and found one preprint
study from Italy that included 75 post-COVID-19 children with
no control group and a website (longcovidkids.org) reporting a
survey of child long COVID symptoms. Furthermore, we
searched ClinicalTrials.gov for ongoing studies in the COVID-19
database. The first papers reporting on long COVID in children
found high prevalence of long-lasting symptoms but were
small, did not include the youngest children, and lacked
laboratory-confirmed SARS-CoV-2 test results and a control
group. Few recent studies including controls have reported
symptoms to also be highly prevalent among controls. As of
October, 2021, a new case definition from WHO defines long
COVID to be symptoms lasting 8 weeks or longer, which is
seldom reported in earlier studies, in which 4 weeks was often
used as a cutoff.

Added value of this study
We investigated long COVID according to the WHO case
definition in children aged 0-14 years. We reported on the

explained by an alternative diagnosis.’ A duration of
more than 12 weeks for symptoms has also been
suggested.® Only a few studies have investigated long
COVID in children.”” These studies had substantial limi-
tations regarding size, " lack of requirement for PCR
confirmation of SARS-CoV-2 cases,”*" heterogeneity in
definitions of long COVID and follow-up periods,”* or
the lack of a control group.”” Furthermore, infants and
toddlers are rarely represented.*" Five of the seven
published studies reporting on children found persistent
COVID-19-related symptoms to be more prevalent in
children following COVID-19 (cases) than in controls
who had not had COVID-19.#"* The CLoCk study found
symptoms after 12 weeks in 2038 (66%) of 3065 cases
versus 1993 (53%) of 3739 controls among children aged
11-17 years in England.” The most prevalent long COVID
symptoms reported in children are headache (3-80%),
fatigue (3-87%), sleep disturbance (2-63%), concentration
difficulties (2-81%), and abdominal pain (1-76%).!

In the LongCOVIDKidsDK study, adolescents aged
15-18 years with a SARS-CoV-2 positive test had higher
odds of experiencing at least one symptom lasting at
least 2 months compared with controls (62% vs 57%;
odds ratio [OR] 1-22 [95% CI 1-15-1-30], p<0-0001).*

The presence of long-lasting symptoms after a viral
infection is no new phenomenon. In children, long-term
symptoms following a respiratory viral infection can
include persistent coughing and wheezing, as seen, for
example, after respiratory syncytial virus infection in early

www.thelancet.com/child-adolescent Vol 6 September 2022

duration of each symptom and the intensity of the symptom,
as well as including findings on psychological wellbeing, social
wellbeing, and daycare and school absence during the
pandemic. The present study supports the findings from the
literature, and contributes a large data set including a control
group.

Implications of all the available evidence

Results from this LongCOVIDKidsDK study—combined with
findings from other studies that included a control group—
have shown persistent symptoms to be more prevalent in
children after SARS-CoV-2 infection; however, the clinical
differences on a population level seem to be small. Knowledge
of long COVID in children is important to guide clinical
recognition and management of COVID-19. Furthermore,
the findings on the symptom burden among children in the
control group require attention, as pandemic symptoms due
to lockdown and social distancing have been suggested.
Looking at the available evidence, long COVID must be
recognised and multi-professional long COVID clinics for
children might be beneficial. Long school closures and social
distancing might compromise children’s wellbeing and
quality of life during a pandemic.

childhood.” Additionally, persistent fatigue, headaches,
and abdominal pain can be present following Epstein-Barr
virus infection.”

Knowledge of the long-term symptom burden in
children who have tested positive for SARS-CoV-2 is
essential to guide clinical recognition, parental caregiving,
and societal decisions about isolation, lockdown, and
vaccination strategies. On this basis, we conducted a
national study of children aged 0-14 years who had tested
positive for SARS-CoV-2 (cases) with a matched control
group who had never had a positive PCR test for SARS-
CoV-2. The objectives were to investigate: the prevalence
of symptoms lasting more than 2 months in cases
compared with matched controls; the duration and
intensity of symptoms; quality of life; number of sick days
and absence from daycare or school; and the psychological
and social outcomes in cases versus controls. We
hypothesised that, relative to controls, SARS-CoV-2-
infected children (0-14 years) would have a higher
prevalence of long-lasting symptoms with negative
psychological and social effects, and more daycare or
school absences and sick leave.

Methods

Study design and participants

The LongCOVIDKidsDK survey is a national cross-
sectional study among children and adolescents with
a history of a SARS-CoV-2-positive test and matched
controls. In children aged 0-14 years, the survey was
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See Online for appendix

conducted by parent proxy report and was sent to
mothers, or to a father or legal guardian if no mother
existed,” of all children who tested positive for
SARS-CoV-2 in Denmark and of matched controls. From
15 years of age, adolescents can legally receive mail
from public institutions; therefore, adolescents aged
15-18 years responded to the survey themselves, and are
reported in a separate publication.” Questionnaires,
including an invitation and two reminders, were sent by
mail via e-Boks (a secure digital post-box) and answered
in REDCap (a web application for online surveys)
between July 20 and Sept 15, 2021."

All Danish children and adolescents aged 0-14 years
with a positive SARS-CoV-2 test registered between
Jan 1, 2020, and July 12, 2021, were included and sent
invitations. Participants were identified from the Danish
COVID-19 database, which covers all Danes with a positive
SARS-CoV-2 test. As of July 12, the database included 4- 2%
of Danes aged 0-14 years. At the same time, controls who
had never had a positive SARS-CoV-2 test were identified
from the Danish Civil Registration System and included
using exposure density matching by sex and age in a
1:4 ratio at the time of the cases’ positive tests. All
participants were alive at inclusion. Notably, open public
testing free of charge was available for all by August, 2020,
whereas testing was only available for symptomatic cases
before that date. Thus, the control group might include
children who had had COVID-19 and who were initially
asymptomatic and therefore not tested.

In the survey, controls were asked whether they
suspected that they had been infected with SARS-CoV-2
even though they did not have a positive test. Controls
who reported suspicion of having been infected by
SARS-CoV-2 but who had not been tested were excluded
from the analyses. Controls who were infected in the
time between register extraction of the population
(July 12, 2021) and invitation to survey were instructed
not to reply.

The study was permitted by the data protection
agency (P-2021-195) and registered at ClinicalTrials.gov
(NCT04786353). Register data access was granted by The
Danish Health Data Authority (FSEID 00005625 and
00005757). Ethics committee approval is not required for
surveys in Denmark.

Variables

Survey data were collected using ancillary questions
regarding long-lasting COVID-19-related symptoms
(appendix p 28), as well as the validated questionnaires
Children’s Somatic Symptoms Inventory (CSSI-24)” and
Pediatric Quality of Life Inventory (PedsQL), which
captured current overall health and wellbeing.” Ancillary
questions about long COVID symptoms included the
23 most common symptoms identified from the Long
COVID Kids Rapid Survey January 2021.” The symptoms
were stomach ache, chest pain, headache, fatigue, pain
in muscles or joints, sore throat, dizziness, rashes,

mood swings, nausea, fever, loss of appetite, trouble
breathing, dark circles under the eyes, palpitations,
trouble remembering or concentrating, cold hands or
feet, cough, chapped lips, dizziness when standing, light
sensitivity, discoloured fingers or toes, and extreme
paleness. The following symptoms were not asked about
in the 0-2 years age group: chest pain, headache, sore
throat, dizziness, trouble remembering or concentrating,
dizziness when standing, and light sensitivity.

The CSSI-24 is a 24-item generic questionnaire
identifying the presence of various somatic symptoms in
children. The items are scored on a five-point Likert scale
from zero (not at all) to four (a whole lot) in the past
2 weeks. A higher sum score indicates more somatic
distress.” The CSSI-24 was not included in the survey for
the 0-2 years age group as the symptoms would be too
difficult to assess for that age group.

The 23-item generic questionnaire PedsQL consists of
four dimensions of health-related quality of life in
children aged 0-14 years. The questionnaire is available
in different versions with items appropriate for different
age groups. The dimensions include physical, emotional,
social, and daycare or school functioning over the
previous month.” The scores range from 0-100, with
higher scores indicating better health.

Questions were included about sick leave and absence
from daycare or school within the past year and height
and weight. The WHO classification of weight status in
children and adolescents was used.”

Parents of children with a SARS-CoV-2 positive test
were asked subjectively to assess the perceived acute
symptom burden within the first 4 weeks following the
positive test as either no symptoms, mild symptoms, or
severe symptoms. These categories were not further
defined.

Data sources and management

Cases were asked questions about the 23 common long
COVID symptoms for the period since the SARS-CoV-2
infection was diagnosed, including questions about
symptom intensity (never, almost never, sometimes,
often, or almost always) and duration (eg, 1 week, 1 month,
2 months), up to a duration of 12 months or longer. The
control group was asked about the same symptoms and
was divided into four random groups of equal size
with 3, 6, 9, or 12 months recall times to match the
varying recall times in the case group.

We defined long-lasting symptoms as those lasting
2 months or longer, in line with the WHO definition of
long COVID.® In these analyses, participants were only
included if they had a recall period long enough to have
potentially had a symptom for 2 months. Participants
with a recall period less than 2 months were excluded. We
also did a sensitivity analysis in which we defined long
COVID as symptoms lasting for more than 12 weeks,
because other guidelines define the presence of
symptoms lasting for 3 months or longer as long COVID.*

www.thelancet.com/child-adolescent Vol 6 September 2022
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A nested population was established consisting of
participants from the case group who had at least one
new symptom starting after the positive SARS-CoV-2
test and present 8 weeks after the test (long COVID
group).

Amounts of sick days and school absences within
the past year were each categorised into two groups:
0-15 days and 16 days or more.

For the PedsQL questionnaire, results were presented
for the 1-12 months, 13-24 months, 2-3 years, 4-11 years,
and 12-14 years age groups, as these groups were asked
different questions appropriate for their age. In other
analyses, the population was divided into three age
groups (0-3 years, 4-11 years, and 12-14 years) to allow
for possible differences between age groups to be
reflected and to avoid groups being too small.

In Denmark, daycare facilities and schools were
closed for various periods between March 12, 2020, and
May 21, 2021 (appendix p 29). Data were collected during
a period when Denmark had reopened and had an
epidemic of respiratory syncytial virus following the
COVID-19 lockdown.

Statistical analysis

Numbers and percentages are presented for categorical
variables, and means (with SDs) and medians (with
IQRs) for continuous variables, as appropriate. ORs and
corresponding 95% Cls were calculated by logistic
regression. Analyses were adjusted for age and sex.

Differences between cases and controls were tested
with a two-sided 2 test for categorical variables (pro-
portions) or t test for normally distributed continuous
variables (means), or with an independent non-parametric
Wilcoxon signed rank test for continuous variables that
were not normally distributed. We also assessed differences
in the proportions of participants with 2-month and
6-month symptom durations between the case and control
groups.

Standardised differences between means were assessed
using Hedges' g for continuous variables, with effect
sizes categorised as small (g=0-2), medium (g=0-5),
or large (g=0-8).” We considered g>0-2 to indicate a
clinically relevant difference.

The Bonferroni correction method was used to adjust
for multiple testing. The significance level was set at
<0-05 and 57 tests were conducted; therefore, a p value
0f 0-0009 or lower was considered statistically significant.

For results with fewer than five individuals per cell,
numbers are presented as 1-4 and percentages are
masked, in accordance with data protection rules set by
the Danish Health Data Authorities.

All analyses were conducted using SAS 9.4MS5.

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report.

www.thelancet.com/child-adolescent Vol 6 September 2022

Results

Between July 20, 2021, and Sept 15, 2021, 38152 cases
and 147212 controls were invited to participate, of whom
10997 (28-8%) cases and 33016 (22-4%) controls
responded to the survey (figure 1). Cases and controls
were similar in age, sex, and prevalence of pre-existing
comorbidity across age groups when responding to the
questionnaire (table 1).

Cases had higher odds of reporting at least one symp-
tom lasting more than 2 months than did controls in the
0-3 years age group (478 [40-0%)] of 1194 vs 1049 [27-2%)]
of 3855, OR 1.78 [95% CI 1.55-2-04], p<0-0001),
4-11 years age group (1912 [38-1%)] of 5023 vs 6189
[33-7%] of 18372; 1.23 [1-15-1-31], p<0-0001), and
12-14 years age group (1313 [46-0%] of 2857 s
4454 [41-3%] of 10789; 1-21 [1-11-1-32], p<0-0001).
The same applied when considering reporting at least
one symptom lasting more than 3 months in children
aged 0-3 years (435 [36-4%)] of 1194 vs 872 [22 - 6%)] of 3855;
1-94 [1-68-2-23], p<0-0001), 4-11 years (1710 [34-0%)] of
5023 vs 5356 [29-2%] of 18372; 1.28 [1-19-1.37],
p<0-0001), and 12-14 years (1204 [42-1%] of 2857
vs 3966 [36-8%] of 10789; 1-26 [1-11-1-32], p<0-0001).
Small differences were seen across age groups when
considering individual symptoms. For example, among
the 0-3 years age group, cases had higher odds of
reporting stomach aches than did controls, whereas no
difference between cases and controls was observed for
this symptom in the older age groups. Similarly, cases
had higher odds of reporting mood swings in
the 0-3 years age group, whereas controls had higher
odds of reporting this symptom in the older age groups.
Odds ratios for all symptoms are presented in figure 2.

The most common symptoms reported among
children aged 0-3 years were mood swings, rashes,
stomach aches, cough, and loss of appetite. Among those
aged 4-11 years, mood swings, trouble remembering
or concentrating, and rashes were most common; and

185364 children invited to participate
in survey via proxy reporting

|
v v

| | 147212 inthe control group |

| 38152 in the case group

1127 excluded
because of
! suspected
SARS-CoV-2
infection

A A

10997 responded 33016 responded
1449 aged 0-3 years 3855 aged 0-3 years
6032 aged 4-11years 18372 aged 4-11years
3516 aged 12-14 years 10789 aged 12-14 years

Figure 1: Study profile
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0-3 years

4-11years

12-14 years

Cases (n=1449)

Controls (n=3855)

Cases (n=6032)

Controls (n=18372)

Cases (n=3516)

Controls (n=10789)

Age, years

Median (IQR) 24 (17-32)
Range 0-2-5-0
Missing 18 (12%)
Sex

Female 684 (47-2%)
Male 747 (51-6%)
Missing 18 (1-2%)
Weight status*

Underweight 69 (7-5%)
Normal weight 735 (80-2%)
Overweight 53 (5-8%)
Obesity 29 (32%)
Missing 31(3-4%)
Pre-existing comorbidityt

Asthma 80 (5:5%)
Allergy 46 (3:2%)
Eczema 166 (11-5%)
Tics 1-4

Colic 24 (1-7%)
Borrelia NA
ADHD/ADS NA

Epstein Barr virus infection NA
Arthritis NA

ME/CFS NA

Autism NA

Gout NA
Dyspraxia NA
Hypermobility NA

HPV infection NA

0CD, anxiety, or depression NA
Hyperthyroidism NA
Hypertonia NA

Other 59 (4-1%)
Time since positive COVID-19 test, months
<1 81 (5-6%)
13 214 (14-8%)
4-6 283 (19:5%)
7-9 712 (49-1%)
10-12 95 (6-6%)
=12+ 64 (4-4%)
Acute COVID-19 courset

No symptoms 746 (51-5%)
Mild symptoms 653 (45-1%)
Severe symptoms 50 (3:5%)

2-4(1-7-3-3)
0-05-5.0
49 (13%)

1783 (463%)
2022 (52:5%)
50 (1-3%)

178 (7:3%)
2015 (82-4%)
132 (5:4%)

46 (1:9%)
74 (3:0%)

193 (5:0%)
163 (4-2%)
494 (12-8%)
1-4

27 (0-7%)
NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

170 (4-4%)

NA
NA
NA
NA
NA
NA

NA
NA
NA

9-1(6:9-10-7)
4.0-13-0
30 (0:5%)

2857 (47-4%)
3145 (52:1%)
30 (0:5%)

463 (7-7%)
4254 (70-5%)
973 (161%)

317(5:3%)
25 (0-4%)

287 (4-8%)
543 (9:0%)
443 7:3%)

1%)
3(0-2%
01%

(
(
(
68 (1
13(
8(
90(
11¢(

)
)
1.5%)
0-2%)
13 (0-2%)
1-4
70 (1-2%)
0
5(01%)
69 (1-1%)
1-4
36 (0-6%)
1-4
1-4
200 (3:3%)

348 (5-8%)
891 (14-8%)
1350 (22-4%)
2842 (47-1%)
427 (7-1%)
174 (2:9%)

3623 (60-1%)
2317 (38:4%)
92 (1:5%)

9-3(7:0-10:9)
40-130
128 (0-7%)

8818 (48.0%)
9383 (51:1%)
171 (0-9%)

1374 (7:5%)
13326 (72:5%)
2657 (14-5%)

944 (5:1%)

71(0-4%)

816 (4-4%)
2147 (11:7%)
1403 (7-6%)

349 (1-9%)

9 (<0-1%)
14 (0-1%)
455 (2:5%)
14 (0-1%)
31(0-2%)
1-4
360 (2:0%)
14
33(0-2%)
358 (2:0%)
1-4
285 (1-6%)
6 (<0-1%)
14 (0-1%)
894 (4-9%)

NA
NA
NA
NA
NA
NA

NA
NA
NA

136 (12:9-14-4)
12.0-15-9
21(0-6%)

1727 (49-1%)
1768 (50-3%)
21 (0-6%)

197 (5-6%)
2605 (74-1%)
518 (147%)

128 (3-6%)
68 (1.9%)

203 (5-8%)
548 (15-6%)
227 (6-5%)
58 (1-6%)
0
1-4
114 (3-2%)
15 (0-4%)
13 (0-4%)
1-4
88 (2:5%)
0
7(0-2%)
75 (2-1%)
1-4
69 (2:0%)
0
0
12 (0-3%)

200 (5:7%)
574 (16-3%)
473 (13-5%)

1799 (51-2%)
394 (11-2%)

76 (2-2%)

1590 (45-2%)
1838 (52:3%)
88 (2:5%)

137 (13-0-14-4)
12-0-15-9
148 (1-4%)

5176 (48-0%)
5465 (50-7%)
148 (1-4%)

639 (5-9%)
7970 (73-9%)
1473 (13.7%)

364 (3:4%)

343 (32%)

564 (5-2%)
1887 (17-5%)
676 (6-3%)
246 (2:3%)

0
8(0:1%
440 (41%
14 (01%
31(0-3%
7(0:1%
352(33%
1-4
13 (0-1%)
231 (21%)
1-4
352(3-3%)
0
0
593 (5:5%)

)
)
)
)
)
)

NA
NA
NA
NA
NA
NA

NA
NA
NA

Data are median (IQR), range, or n (%). For results with fewer than five individuals per cell, numbers are presented as 1-4 and percentages are masked according to data protection rules set by the Danish Health
Data Authorities. ADHD/ADS=attention-deficit hyperactivity disorder (attention-deficit syndrome). HPV=human papillomavirus. ME/CFS=myalgic encephalomyelitis (chronic fatigue syndrome). NA=not
applicable. 0CD=obsessive-compulsive disorder. *“WHO classification; not reported for children in the 0-2 years age group (cases n=532, controls n=1410). tCases were asked about comorbidities before
COVID-19 infection; controls were asked about present comorbidities; children aged 0-3 years were asked only about pre-existing comorbidities, including asthma, allergy, eczema, tics, and colic. #Self-reported

burden of symptoms.

Table 1: Demographic and clinical profile
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A Age0-3years Children with symptoms, n/N (%) OR (95% Cl) p value
Cases Controls
Stomach aches 3 —_— 40/1194 (3-4%) 53/3855 (1-4%) 248 (1-:63-3-77) <0-0001
Fatigue : —_— 41/1194 (3-4%)  36/3855 (0-9%) 3-50 (2:21-5-55) <0-0001
Pain in muscles or joints 5/1194 (0-4%) 7/3855 (0-2%) 1-84 (0-54-6-30) 033
Rashes e 53/1194 (4-4%)  104/3855 (2:7%) 1.57 (111-2-22) 0010
Mood swings Do 73/1194 (6:1%)  146/3855 (3-8%) 1.63 (122-219) 0-0011
Nausea : 5/1194 (0-4%)  1-4/3855 8-30 (1-61-42-91) 0-011
Fever ' 22/1194 (1-8%)  13/3855 (03%) 5.89(2:95-1177)  <0-0001
Loss of appetite —_— 49/1194 (41%) 42/3855 (1-1%) 3-72 (2-44-5-67) <0-0001
Trouble breathing 18/1194 (1-5%) 12/3855 (0:3%) 4-40(2-13-9-11) <0-0001
Dark circles under eyes : 17/1194 (1-4%) 9/3855 (0-2%) 6-15 (2:60-14-55) <0-0001
Palpitations* : - - - -
Cold hands or feet 14/1194 (1-2%) 12/3855 (0-3%) 3-94 (1-81-8:56) 0-0005
Cough : — 7711194 (6-4%) 55/3855 (1-4%) 465 (3-27-6-64) <0-0001
Chapped lips* : - - - -
Discoloured fingers or toes* - - - -
Extreme paleness . 6/1194 (0-5%) 5/3855 (0-1%) 3-25(0-94-11-24) 0-063
r T T T T 1
B Age 4-11years
Stomach aches — 125/5023 (2:5%)  477/18372 (2:6%)  0-95 (0-78-1.17) 067
Chest pain : 10/5023 (0-2%) 14/18372(01%)  2-66 (118-6-00) 0-018
Headache 3 — 126/5023 (2:5%)  299/18372 (1-6%)  1-66 (1-34-2-05) <0-0001
Fatigue : —— 194/5023 (3-9%)  418/18372(2:3%)  1.80 (151-2:14) <0-0001
Pain in muscles or joints ————y 72/5023 (1-4%) 199/18372 (1-1%) 1-38 (1.05-1-81) 0-021
Sore throat 3 — . 29/5023 (0-6%) 24/18372 (01%) 456 (2:65-7-85)  <0-0001
Dizziness ; 12/5023 (0-2%) 13/18372(01%)  4-07 (1-82-9-10) 0-0006
Rashes —_— 94/5023 (1-:9%)  536/18372(2:9%)  0-64 (0-51-0-80) <0-0001
Mood swings —— 263/5023 (52%)  1332/18372(73%)  072(0-63-0-83)  <0-0001
Nausea _— 39/5023(0-8%)  112/18372(0-6%)  1-33(0-92-1.93) 013
Fever : 9/5023 (0-2%) 9/18372 (<0-1)  3-21(1-24-8-34) 0-016
Loss of appetite [ — 105/5023 (21%)  278/18372 (15%)  1-44 (115-1-81) 0-0018
Trouble breathing —— 31/5023 (0-6%) 46/18372 (0:3%) 2-61(1-65-4-14) <0-0001
Dark circles under eyes lo———t 87/5023 (1-7%) 214/18372 (1-2%) 1-53(119-1.97) 0-0009
Palpitations : 12/5023 (0-2%) 21/18372 (01%)  2-31(1-13-4-73) 0-022
Trouble remembering and concentrating —e— 176/5023 (3-5%) 760/18372 (4-1%) 0-86 (0-73-1.02) 0-081
Cold hands or feet U S — 32/5023 (0-6%) 101/18372 (0-5%) 1-23(0-82-1.83) 031
Cough 3 [ — 61/5023 (12%)  119/18372(0-6%)  1.83(1.34-2-49) 0-0001
Chapped lips —— 57/5023 (11%)  184/18372(1.0%) 117 (0-87-1-58) 0-30
Dizziness when standing —_— 7/5023 (0-1%) 13/18372 (0-1%) 2.05(0-82-5-16) 013
Light sensitivity A — 48/5023(1:0%)  152/18372(0-8%) 118 (0-85-1.64) 031
Discoloured fingers or toes --- 1-4/5023 6/18372 (0-0%) 0-61(0-07-5-11) 0-65
Extreme paleness ] 17/5023 (0-3%) 57/18372 (0-3%) 1-17 (0-68-2-01) 0-58
f f T T T 1
C Age12-14years
Stomach aches —— 60/2857 (21%)  244/10789 (23%)  0-91(0-68-122) 0-54
Chest pain ; R — 23/2857 (0-8%) 25/10789 (0-2%)  3-53 (2:00-6-24) <0-0001
Headache L —— 142/2857 (50%)  346/10789 (3 2%) 1.55 (1-27-1-90) <0-0001
Fatigue b e 285/2857 (10-0%)  807/10789 (7-5%)  1-39 (1-21-1-60) <0-0001
Pain in muscles or joints L o———— 82/2857 (2-9%) 218/10789 (2:0%) 1-47 (113-1.90) 0-0036
Sore throat ; —_— e 30/2857 (1-1%) 20/10789 (02%)  532(2:99-9-46)  <0-0001
Dizziness : —_— 50/2857 (1-8%) 83/10789 (0-8%) 232 (1-63-3:31) <0-0001
Rashes — 81/2857 (2-8%)  293/10789 27%) 103 (0-81-133) 079
Mood swings —— 230/2857 (81%)  1113/10789 (103%) 075 (0-65-0-88) 0-0002
Nausea —_—— 38/2857(13%)  118/10789 (11%)  1-25(0-86-1-81) 024
Fever : 1-4/2857 5/10789 (0-1%)  2-98 (0-80-11-10) 0-10
Loss of appetite R 93/2857 (3:3%) 288/10789 (2:7%) 1.22 (0-96-1-54) 011
Trouble breathing —_——— 37/2857 (1-3%) 48/10789 (0-4%) 2:94 (1-91-4-53) <0-0001
Dark circles under eyes ——— 63/2857 (2-2%) 195/10 789 (1-8%) 1-24(0-93-1-65) 0-15
Palpitations —— 19/2857 (0-7%) 41/10789 (0-4%) 166 (0-95-2:90) 0-073
Trouble remembering and concentrating ——irt 170/2857 (6:0%) 697/10 789 (6-5%) 0-91(0:76-1-08) 0-29
Cold hands or feet ——— 79/2857 (2-8%) 272/10789 (2:5%) 112 (0-87-1-44) 0-40
Cough 3 R — 22/2857 (0-8%) 33/10789 (03%) 239 (1:38-4-15) 0-0018
Chapped lips —— 59/2857 (2-1%)  178/10789 (1-6%) 126 (0-94-1.70) 0-12
Dizziness when standing ——— 50/2857 (1-8%) 94/10 789 (0-9%) 2-10 (1-48-2-97) <0-0001
Light sensitivity —_—— 29/2857 (1:0%)  146/10789 (1-4%)  0-74 (0-49-1-11) 014
Discoloured fingers or toes T 1-4/2857 10/10 789 (0-1%) 1.51(0-47-4-81) 0-45
Extreme paleness —_— 17/2857 (0-6%) 78/10789 (0-7%) 0-82(0-48-1-38) 0-45
04‘25 : 142)0 Z«E)O 4~I00 8-:30 16»‘00
“— —>
Higher in controls Higher in cases

Figure 2: Forest plot of symptoms lasting at least 2 months in cases and controls

OR=0dds ratio. *For the 0-3-years age group, estimates are not shown for palpitations, chapped lips, and discoloured fingers or toes because the groups were too small.
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1-12 months 13-24 months 2-3years* 4-11years 12-14 years
Cases Controls Cases Controls Cases Controls Cases Controls Cases Controls
(n=105) (n=348) (n=427) (n=1062) (n=917) (n=2445) (n=6032) (n=18372) (n=3516) (n=10789)
CSSI-24
Mean (SD) NA NA NA NA 2.5 (4-8) 25(4-2) 3.0(51)t 34 (4-8)t 43(70)t 47 (6:2)
Median (IQR) NA NA NA NA 1.0(0:0-30)  1:0(0:0-3:0) 1.0(0-0-40)  2-0(0-0-5:0) 1.0(0-0-5:0)  3-0(1:0-5:0)
PedsQL
Physical functioning
Mean (SD) 937(112)t 87-8(12:2)f 942(91)t  87:3(12:0)t 94-8 (10-2) 94-8(8-2) 947 (11-4)t  92:9 (11-8)t 93-0(13-0)f  91.2 (13:3)t
Median (IQR)  100-0 917 100-0 88-9 100-0 100-0 100-0 96-9 100-0 96-9
(91:7-100-0)  (79-2-100-0)  (91-7-100-0)  (80-6-972)  (93-8-100-0)  (90-6-100-0) (93-8-100:0)  (90-6-100-0)  (90-6-100-0)  (87-5-100-0)
Physical symptoms
Mean (SD) 84.4(13.0) 851 849 (12:9)t 89-1(97)t+ NA NA NA NA NA NA
(80-0-92:5)
Median (IQR) 850 875 875 90-0 NA NA NA NA NA NA
(750-950)  (80-0-92:5) (77-5-95-0) (82:5-97:5)
Emotional functioning
Mean (SD) 755(16-9)  75-8(13-7) 73:6 (16:2)t+ 77-0 (12-8)t# 755 (18-1) 735 (15-4) 782 (19-1)tf  73-3(18-0)t% 832(19-5)tf  79:2(19-2)t
Median (IQR) 750 792 750 77-1 750 750 80-0 75-0 90-0 85-0
(64-6-89-6) (68:8-854)  (62:0-854)  (68:8-87-5)  (65:0-90-0) (65:0-85-0) (65:0-95-0)  (60-0-85:0)  (70-0-100-0)  (65:0-95-0)
Social functioning
Mean (SD) 94.7(93)  93:0(114) 933 (11:0) 93-0(9-9) 93-8 (10-8)f 93-0 (10-8)f 923(133)f  89-6(15:0)t 914 (15-4)t+  87.9 (17-5)t%
Median (IQR)  100-0 100-0 100-0 95-0 100-0 100-0 100-0 95-0 100-0 95-0
(93-8-100:0) (87-5-100-0)  (90-0-100-0)  (90-0-100-0)  (90-0-100-0)  (90-0-100-0) (90-0-100-0)  (85-0-100:0)  (90-0-100-0)  (80-0-100-0)
School functioning
Mean (SD) NA NA NA NA 92.9(12-1) 93.0 (113) 86-8(153)  84-2(15-4)t 83.7(18-:0)0t  80:9(17:8)t
Median (IQR) NA NA NA NA 100-0 100-0 90-0 90-0 90-0 850
(90-0-100:0)  (91:7-100-0) (80-0-100:0)  (75-0-95-0) (75:0-100:0)  (70-0-95-0)
Cognitive functioning
Mean (SD) 87.7(17-4) 886 (16:0) 873(16:5)t 847(163)f  NA NA NA NA NA NA
Median (IQR)  100-0 100-0 94-4 889 NA NA NA NA NA NA
(75-0-100:0)  (75-0-100:0)  (77-8-100-0)  (75:0-100-0)

CSSI-24=Children’s Somatic Symptoms Inventory. PedsQL=Pediatric Quality of Life Inventory. *Missing school functioning scores: 27 cases, 77 controls. tStatistically significant (p<0-0009), based on Wilcoxon

signed rank test. tHedges’ g>0-2.

Table 2: Symptom burden and health-related quality of life in COVID-19 cases and controls
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among those aged 12-14 years, fatigue, mood swings,
and trouble remembering or concentrating were most
common. The prevalence of symptoms lasting at least 2,
3, 6, 9, and 12 months are presented in the appendix
(pp 3-13). With increasing duration of symptoms, the
proportion of children with those symptoms tended to
decrease.

In cases aged 12-14 years, more girls than boys had at
least one symptom lasting more than 2 months (732[52-7%]
of 1390 vs 573 [39- 6%] of 1448; OR 1.70 [95% CI 1-47-1-97),
p<0-0001), and a similar pattern was seen in the control
group (2388 [46-1%] of 5176 vs 2010 [36-8%)] of 5465; 1-47
[1-36-1-59], p<0-0001). In the younger age groups, sex
differences were only found for controls aged 4-11 years
(3054 [34-69%] of 8818 vs 3079 [32-8%] of 9383; 1-15
[1-08-1-23], p<0-0001; appendix p 14).

For CSSI-24 symptom scores, we found differences
between cases and controls that were statistically
significant but not clinically relevant (Hedges’ g=<0-2)
(table 2).

For PedsQL scores, small but clinically relevant
differences (reflected by Hedges' g scores >0-2) were
found for children aged 13-24 months on the physical
symptoms scale, with lower scores, indicating worse
health-related quality of life, reported in cases (mean
84-9 [SD 12.9)) than in controls (89-1 [9-7]; p<0-0001
[Wilcoxon signed rank test]), and on the emotional
functioning scale, with lower scores reported in cases
(73-6 [16-2]) than in controls (77-0 [12-8]; p<0-0001).
However, in older age groups (ages 4-14 years), cases had
higher health-related quality of life scores than did
controls on some scales of the PedsQL. Among children
aged 4-11 years, a small difference was found in
emotional functioning scores, with higher scores
reported in cases (78-2 [19-1]) than in controls
(73-3[18-0]; p<0-0001). Among children aged 12-14 years,
small differences were found in emotional functioning
scores, with higher scores in cases (83-2 [19-5]) than in
controls (79-2 [19-2]; p<0-0001). Clinically relevant
differences in social functioning scores were also found
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between cases (91-4 [15-4]) and controls (87-9 [17-5];
p<0-0001) in this age group (table 2).

Across all age groups, cases reported more sick leave
and more absence from school or daycare within the past
year than did controls (appendix p 15). Among children
aged 13 months to 3 years, the proportion reporting
having at least 16 days of sick leave was higher in cases
(382[28-4%] of 1344) than in controls (647 [18 - 4%] of 3507,
p<0-0001), as was the proportion reporting at least
16 days of absence from daycare or school (321 [23-9%]
of 1344 vs 494 [14-1%] of 3507, p<0-0001). The same
applied for the 4-11 years age group (424 [7-0%)] of 6032
vs 699 [3-8%] of 18 372, p<0-0001 for =16 days sick leave;
and 269 [6-1%)] of 4404 vs 450 [3-3%] of 13 508, p<0-0001
for =216 days of daycare or school absences) and the
12-14 years age group (317 [9-0%] of 3516 vs 565
[5-29] of 10789, p<0-0001; and 229 [6-5%] of 3516 vs 542
[5-09%] of 10789, p<0-0001).

For all outcomes related to psychological and social
symptoms, cases reported less frequent problems than
did controls (appendix p 17). For example, in children
aged 4-11 years and 12-14 years, the proportion who often
felt scared was lower in cases than in controls (312 [5-2%]
0f 6032 cases vs 1027 [5 - 6%)] of 18 372 controls, p<0-0001 in
the 4-11 years age group; and 117 [3-3%)] of 3516 cases vs
383 [3-5%] of 10789 controls, p<0-0001 in the 12-14 years
age group), as was the proportion who often had trouble
sleeping (476 [7-9%] of 6032 cases vs 1642 [8-9%] of
18 372 controls, p<0-0001; and 275 [7-8%)] of 3516 cases vs
911 [8-4%] of 10789 controls, p<0-0001) and who felt
worried about what would happen to them (305 [5-1%)] of
6032 cases vs 1206 [6-6%)] of 18372 controls, p<0-0001;
and 209 [5-9%] of 3516 cases vs 883 [8-2%] of
10789 controls, p<0-0001).

Long COVID symptoms were defined as new symptoms
that presented after SARS-CoV-2 infection and were
present for 8 weeks after the positive SARS-CoV-2 test.
Demographic and clinical profiles for children with long
COVID symptoms are presented in the appendix (p 19).
Long COVID was present in 427 (31-2%) of 1368 children
aged 0-3 years, 1505 (26-5%) of 5684 children aged
4-11 years, and 1077 (32-5%) of 3316 children aged
1214 years (appendix p 22). The prevalence and duration
of each long COVID symptom and the amount of sick
leave for the children with long COVID symptoms are
presented in the appendix (pp 23-27).

Discussion

In this study of Danish children with a history of
SARS-CoV-2 infection and age-sex-matched controls with
no history of SARS-CoV-2 infection, we found that cases
in all age groups had higher odds of having long-lasting
symptoms, but cases in the oldest age groups (4-11 and
12-14 years) had better quality-of-life scores than did
controls. Additionally, cases had more sick days and
more daycare or school absences than did controls within
the past year.

www.thelancet.com/child-adolescent Vol 6 September 2022

An important strength of this study is the use of Danish
national registers that included all PCR test results from
all public and private test providers, and allowed matched
controls to be identified. Moreover, all citizens were
reached through a national secure digital post box, which
all Danish citizen are obliged to have, thereby ensuring
complete coverage. The number of different symptoms
suggested to be related to COVID-19 increased during
the pandemic;' thus, we cannot be sure that all relevant
symptoms were included in the study. However, the use
of validated health questionnaires was a strength of the
study.”®

Parent proxy response rates of 28-8% for cases and
22-4% for controls in this study were slightly lower than
in other studies of young adolescents in general (33%),*
but higher than in most studies investigating COVID-19
symptoms in children and adolescents (<14%).">" The
low response rates and the difference in response rate
between cases and controls might have caused some
selection bias and sampling bias, and results should,
therefore, be interpreted with caution. Furthermore,
mothers of children with more symptoms or a more
severe symptom burden might have been keener to
respond in both groups; thus, results might represent
the most affected children. As questionnaires were sent
to mothers, age and sex differences between responders
and non-responders are not expected.

Parental reporting is a valid proxy for child self-reported
health-related quality of life” and is generally found to
have good agreement with children’s reporting, although
more so in physical domains than in social and
psychological domains, which could have affected the
results. Because no validated questionnaires about long
COVID have been developed for children of various ages
to respond to, we chose to use parent proxy reporting;
therefore, this study reflects parents’ perspectives. The
validated questionnaires used to investigate quality of
life and generic symptoms have proven reliable and
valid when using parent proxy reporting up to the age
of 16 years.”

Recall bias might have occurred in this study as
some participants were asked to recall symptoms over a
period of more than 12 months. However, inclusion of
children infected near the beginning of the pandemic
was necessary to explore whether symptoms for some
could last 12 months or longer. Additionally, the
CSSI-24 and PedsQL had 2—4 weeks’ recall, meaning
that some cases went a long time since infection and
could be free of symptoms related to COVID-19 at the
time of completing these questionnaires. CSSI-24 and
PedsQL were included in the survey as indicators of
current health and quality of life among cases and
controls, whereas the 23 ancillary questions about long-
term symptoms were included to explore the presence
of symptoms for 12 months or longer following SARS-
CoV-2 infection. Thus, the instruments serve different
purposes, justifying the different recall periods.
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The survey data did not include information regarding
hospitalisation; therefore, we were not able to assess
symptom burden in relation to hospital admission. By
Sept 15, 2021, when data collection was completed,
242 children aged 0-14 years in Denmark had been
hospitalised with SARS-CoV-2 infection as the primary
or secondary diagnosis.”

Compared with controls, cases had a higher prevalence
of longer-lasting symptoms, which could represent long
COVID, as supported by the fact that a third of cases (the
long COVID group) indicated that symptoms were not
present before having SARS-CoV-2 infection. Because long
COVID symptoms are the same as some ailments that are
common in children, possible differences between groups
could be masked by competing diseases and vaccine side-
effects. Five of the seven previous studies of long COVID
in children that included a control group found a difference
in the prevalence of persistent symptoms,*"* with more
symptoms in the case group, whereas two studies found
no difference’® Prevalence of long-lasting symptoms
was 4-66%,' depending on factors such as the number and
type of symptoms included. Over time, we found that
the prevalence and intensity of long COVID symptoms
decreased, which was also found in adolescents aged
15-18 years in the LongCOVIDKidsDK study.*

In the present study, we used WHO'’s definition of long
COVID as the presence of symptoms lasting at least
2 months. Other guidelines define the presence of
symptoms lasting for 3 months or longer as long COVID.*
At present, there is still no consensus definition for
paediatric long COVID. In our study, irrespective of
symptom duration, cases had higher odds of reporting at
least one symptom lasting either 8 or 12 weeks.

In the youngest group in our study (children aged
0-3 years), both cases and controls had worse quality-of-
life scores on the PedsQL physical symptoms scale
compared with a healthy sample of children aged
2 years,® but better scores on the emotional function
scale. Among children aged 4-11 years, both cases and
controls had worse emotional health scores than the
representative scores for a normal healthy population.”

Our analyses of quality of life showed several
differences between cases and controls that were
statistically significant. However, when evaluating those
scores using Hedges' g?* only the differences in
emotional and social outcomes in favour of cases among
the oldest groups were clinically relevant. This finding is
also consistent with findings in adolescents.”* Possible
explanations for the higher scores in cases versus
controls could include increasing awareness about the
pandemic (which might scare children who have not yet
had the infection), the importance of contact with peers
versus family, and the difficulties of lockdown and social
restrictions in the oldest groups, which might affect
quality of life in the overall population. The short-lasting
symptom scores on the CSSI-24 were generally lower in
the case group and highest for the oldest group.

Notably, controls generally had worse scores in the
validated generic questionnaires for psychological out-
comes. The demographic and clinical profiles are not
completely identical between the groups, which could be
one possible explanation for the difference. It could also be
that the controls experienced fear of the unknown disease
and had a more restricted everyday life because of
protecting themselves from catching the virus. Pandemic
symptoms in children have been suggested' and might be
caused by poor thriving from lockdown and social
restrictions. A systematic review including 6743 participants
revealed no or mild long-term anxiety and depression
during the first waves of the COVID-19 pandemics. The
authors concluded that the global increase in mental health
sequelae was more likely due to psychosocial factors related
to lockdown, quarantine, and interrupted everyday life than
to long-term effects of the virus.”

Among children aged 0-3 and cases aged 4-11 years,
no sex differences in the prevalence of long-lasting
symptoms were found. Among those aged 12-14 years,
in both cases and controls, girls had more symptoms
than did boys. Adolescent girls generally report a larger
burden of complaints and diseases and have more
symptoms of any kind than do adolescent boys.” Sex
difference in perceived health and burden of disease is
a known phenomenon, which manifests in puberty
and might be related to hormonal balance.* Sex differ-
ences in the presence of long-lasting symptoms
were also found in adolescents aged 15-18 years in the
LongCOVIDKidsDK study.*

Cases in our study had more sick days and school
absences, reflecting, to some degree, the recommended
quarantine period. We included these data in our study
to examine if the absences in cases were substantially
longer than what could be expected due to quarantine
and acute symptoms. The data in cases reflect burden
to the family, socioeconomic burden, and access to
education.

Data in this study were obtained for the period in
which the alpha and delta variants of SARS-CoV-2 were
dominant, and it is therefore unknown whether the
results are generalisable to children infected with a more
recent variant or any future variants of the virus.

In conclusion, children who had a history of
SARS-CoV-2 infection in all age groups from 0 to 14 years
reported a higher prevalence of long-lasting symptoms
compared with age-sex-matched controls, and, among the
oldest respondents, more females than males had long-
lasting symptoms. Many long-lasting symptoms were
also found in the control group. There was a tendency
towards better quality-of-life scores in cases than in
controls in the oldest groups. Further research should
study post-COVID-19 diagnoses, prescribed drugs, and
health-care use to better understand symptom clusters
and long-term consequences of COVID-19 and the
pandemic in children. These data are to be reported by
the LongCOVIDKidsDK study.
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